Patients with hip fractures are usually frail and elderly, with more than 30% being 85 yr or older. 1 2 In European series, hip fracture patients have a high perioperative mortality and morbidity with a 30-day mortality in excess of 10%, 1 and a 1-yr mortality of more than 25%. 3 Despite the advances in surgical and anaesthetic techniques during the last 20 yr a decrease in mortality after surgical repair of hip fractures has not been observed. 1 Regional anaesthesia with neuraxial blockade has been shown to decrease both postoperative mortality and morbidity in lower body procedures, 4 but a meta-analysis of the available studies of regional vs general anaesthesia in hip fracture patients has only shown a non-significant, trend towards decreased mortality. 5 Perioperative morbidity in surgical procedures is often multifactorial in nature, and unimodal interventions such as regional anaesthesia or analgesia will not necessarily decrease mortality, 6 which may apply in particular to patients with hip fracture.
In order to reduce surgical morbidity the concept of multimodal rehabilitation has been proposed. 7 The concept has been evaluated in several surgical procedures as 'fast track rehabilitation programmes'. The purpose of the current study has been to evaluate the potential possibilities of reducing the postoperative mortality of hip fracture patients within the setting of a well-defined rehabilitation programme including perioperative continuous epidural analgesia, taking preoperative conditions and life expectancy into consideration.
Patients and methods
From September 2002 until July 2003, 300 consecutive unselected patients from the urban part of Copenhagen were admitted with primary hip fracture to our special hip fracture unit and their outcome was audited prospectively. All patients received a well-defined multimodal fast-track rehabilitation regimen. Patients were admitted to the unit regardless of whether they sustained the fracture at home or during hospitalization for other illnesses. The audit protocol was approved by the local ethics committee.
Within 7 h (median) after arrival, a preoperative continuous lumbar epidural analgesia was instituted. Patients were treated immediately upon arrival at the emergency room according to a standardized fluid and transfusion protocol (re-hydration fluid 20 ml kg À1 and transfusion if haemoglobin was less than 6.0 mmol litre À1 ). Delay of surgery because of other medical optimization was generally avoided. Anaesthesia was primarily epidural (see Table 1 ) combined or replaced with general anaesthesia only if required for concomitant upper limb surgery, insufficient epidural blockade or in the case of the epidural not being technically possible or contraindicated as a result of preadmission anticoagulative therapy.
Postoperative epidural analgesia, with local anaesthetics and low-dose morphine (bupivacaine 1.25 mg ml À1 and morphine 0.05 mg ml À1 , infusion rate 4 ml h À1 ), was continued until the fourth postoperative day. In addition, the patients received balanced analgesia with oral paracetamol 1 g ·4 and rofecoxib 25 mg ·1. The patients were mobilized on the day of the operation with an intensive physiotherapy programme, comprising two daily sessions. All patients received supplemental oxygen when supine in the entire perioperative period, as well as prophylactic antibiotics and low-dose low-molecular weight heparin (enoxaparin 40 mg À1 ). Preoperative fasting was kept at 6 h for solids and 2 h for fluids, with enforced perioperative oral nutrition and hydration, including supplementary protein drinks.
Patients were in principle rehabilitated in and discharged directly from the orthopaedic ward, except for patients admitted from nursing homes or other hospital wards who were discharged to their previous institution for further rehabilitation when they were deemed medically stable, usually on the third postoperative day.
A database was instituted on all patients admitted to the unit comprising information on preoperative functional level expressed by the New mobility score reflecting functional status (0 meaning total immobility and 9 indicating ability to go shopping unaided), 8 mental status, medical conditions, medications, ASA classification, anaesthesia and surgery as well as postoperative complications and discharge status.
Perioperative death was defined as death occurring during primary hospitalization, independent of duration of stay, or within 30 days post-surgery irrespective of hospitalization status. All perioperative deaths were analysed based on information from the Danish personal register on all patients. In the case of death after discharge, the death certificate was scrutinized. All causes of deaths were classified as being either a result of pre-fracture terminal disease, pre-fracture acute medical illness, postoperative complication. In addition, it was noted if the patients had a notation in their charts on restrictions in the level of active therapy. The charts were reviewed independently by the two authors, and deaths were categorized according to consensus. Mortality was classified as definitely unavoidable regardless of the perioperative care regimen, if it was a result of either pre-fracture intractable disease with predictable short life expectancy (<1 month), regardless of the specific diagnosis or the patient refusing relevant postoperative care such as nutrition, fluids, and rehabilitation. A death was termed probably unavoidable regardless of perioperative care regimen if it was clearly a result of a severe pre-fracture acute illness. The remaining deathsthose who were related to postoperative complicationswere classified as being potentially avoidable (in theory) by the application of a known/unknown treatment. These patients were further subdivided into patients who did or did not receive maximum perioperative care postoperatively. Patients receiving maximum perioperative care were those who did not at any point have their active therapy restricted by the attending medical staff.
Results
Perioperative mortality is summarized in Figure 1 . Thirtyday mortality was 13.3% (40 patients) and the total perioperative mortality was 15.6% (47 patients). Patient characteristics and anaesthesia data in survivors and nonsurvivors are presented in Table 1 .
The potential relationship between death and perioperative regimen is summarized in Figure 2 . Forty-three per cent 
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Death was primarily caused by pneumonia, cancer, or cardiovascular disease. The causes of death are summarized in Table 2 . Patients died median 11 (interquartile range 6-18) days after the operation, two patients died more than 100 days postoperatively while still hospitalized after initial admission.
Discussion
The present study shows that 25-50% of the total mortality in hip fracture patients is probably unavoidable. However, of the remaining patients where death is potentially avoidable, more than half received less than maximum perioperative care, as a result of factors which were not directly part of or necessarily modifiable by a perioperative regimen. Therefore, only about 25% of the perioperative mortality was potentially susceptible to any future interventions. These results have important implications for the design of interventional studies, with the explicit goal of reducing mortality in populations of unselected hip fracture patients. Thus, perioperative regimens comprising regional anaesthetic and analgesic techniques could potentially be feasible methods of reducing postoperative mortality, but if the majority of postoperative deaths is largely dependant on the pre-fracture morbidity and restrictions in level of active care, then the potential effects of regional anaesthesia and analgesia will hardly be reflected in mortality unless a subgroup analysis is performed in large numbers of patients. This has not been the case in previous randomized trials 6 or meta-analysis. 5 The present study has limitations, as it is a prospective single centre descriptive cohort. On the other hand the mortality rate is comparable with that reported from other series in European countries. 1 Reports of very low postoperative mortality rates are often associated with selective patient intake, exclusion of patients with pathological fractures, exclusion of patients sustaining fracture while in hospital, exclusion of patients receiving conservative fracture treatment, and finally insufficient follow-up-especially after early discharge or transfer to secondary rehabilitation units. The long-term mortality after admission to hospital with hip fracture has been shown previously to be causally related to the fracture in 17-32% of all deaths in one study 10 and 24-66% in another. 11 A study of 30-day mortality only found the diagnosis of fractured hip anywhere on the death certificate in 43% of patients, 12 also suggesting that pre-fracture morbidity is considered to be the major determinant of perioperative mortality. The methods used in our study to discriminate avoidable from unavoidable deaths are obviously open to discussion, since it is not based on a specific objective measurement, but instead on an evaluation of each case. The classification was based on whether the patient was terminal or had acute severe illness, before they suffered their fracture, and not upon any specific diagnosis. Also, no evaluation was made of whether the specific cause of death could have been avoided by a further improved care plan. Thus, the group of patients whose death was defined as potentially avoidable, should only be considered avoidable in theory by the future application of some perioperative 'magic bullet' intervention, and only so because their death was not assumed to be determined by pre-fracture morbidity. The fatalities classified as definitely unavoidable were reflected in a very low mobility score 8 and a high rate of dementia (Table 2 ). Whether the deaths of two patients that refused active care-the charts explicitly stated that the patient had a wish to die-could/ should be avoided is primarily ethical. The seven patients classified as 'probably unavoidable' all had serious acute medical conditions leading to their fracture, not the other way round. As such these patients theoretically could be saved by optimized medical care, but the chances for success (23) 3 (43) 1 (6) 1 (9) 8 (17) were considered very low, and again based on ethics and indications for transfer to intensive care unit.
The most critical part of this study is the curtailment of maximum perioperative care by the attending medical staff in so many of the patients. This issue is relevant in hip fracture patients who suffer from many preoperative mental and physical problems; the issue of reasonable level of active care in any given patient will always be open to debate. Thus, in most cases, the decision to curtail active care was taken postoperatively by the attending orthopaedic surgeon, on ethical grounds related to the current or prefracture mental or physical condition of the patient. However, it is surprising, and food for thought, that the group receiving maximum care apparently was not different from those who had active care curtailed, regarding functional level, cognitive dysfunction, and place of residence ( Table 2 ). The ethics of operating on a patient, and then not giving maximum perioperative care is debatable, but it must be taken into consideration that patients treated conservatively have an extremely high mortality. 9 The possibility of reducing the mortality in the category of patients who received curtailment in active care is highly dependant on attitudes on aggressive postoperative care in very old patients with serious postoperative complications, rather than the perioperative regimen per se.
Outcome studies in hip fracture patients have until now mainly addressed the issues of type of anaesthesia, fluid therapy, and nutrition. 5 22-24 Postoperative epidural analgesia has been shown to reduce both pulmonary and cardiac complications in various surgical procedures, 13 14 but even large-scale studies have failed to show a significant reduction in mortality in specific procedures, which often is attributed to insufficient study power. The available evidence for perioperative continuous epidural analgesia in hip fracture patients in the English language literature is scarce, with only two controlled randomized studies directly addressing the issue. One recent study has shown decreased preoperative cardiac morbidity with a preoperative continuous epidural analgesia. 15 Another study of postoperative epidural analgesia showed significant reduction in cumulated perioperative cardiac ischaemia, but not mortality. 16 Since hip fracture patients are frail and have several co-morbidities, the advantageous physiological effect of regional anaesthesia and analgesia may only have clinical implications in a restricted number of patients, and the potential advantages of the technique, may be obscured by other perioperative issues. In a recent meta-analysis of general vs regional anaesthesia 5 the three largest trials included in the analysis only exclude patients with pathological fracture, contraindications to neuroaxial anaesthesia or age less than 50 yr in one study, 17 pathological fracture, multiple trauma, arthroplasty, and age less than 55 yr in another 18 and no exclusion criteria in the third study. 19 No studies concerning other aspects of perioperative pathophysiology such as thromboembolic complications, stress response, nutritional intake, mobilization and rehabilitation, sleep disorders, or quality of life with continuous regional analgesia techniques compared with systemic opioids are available in this group of patients.
Recent studies have addressed other aspects of perioperative care in the hip fracture population. Two well-conducted studies investigated intra-operative volume optimization as a unimodal intervention, but did not find any significant difference in morbidity or mortality, even when the data were combined as a meta-analysis. [20] [21] [22] In another study a preoperative fluid bolus of colloid vs saline, had no effect on mortality. 23 Optimized perioperative nutritional intake only led to a non-significant reduction of morbidity and mortality, but the studies give limited information on other perioperative interventions thereby precluding final interpretation. 24 Antibiotic prophylaxis was in a recent meta-analysis shown to reduce postoperative wound and urinary tract infections, but without a reduction in mortality. 25 In conclusion, future outcome trials addressing mortality in hip fracture patients must take the present study into account in the design of the trial. If the trial uses a nonselected group of patients, implementation of any therapy will most probably not have any effect on mortality, as only 25-60% of the mortality will be potentially susceptible to the intervention. Future studies on the potential benefits of anaesthetic and analgesic techniques in hip fracture patients should therefore focus on outcome that may be susceptible to the specific intervention, which could include rehabilitation outcomes, as has been demonstrated with regional analgesia techniques in elective orthopaedic procedures. [26] [27] [28] 
